Abstract. Practice shows that the frequency characteristics of the load have important influence on analysising the safety and stability of the power grid. In order to improve the accuracy of the load model, a comprehensive load model considering load frequency characteristics is established based on the static load frequency factor and the frequency dependent part of induction motor model. For the parameter of the load model, a new composite modeling method based on the combination of statistical comprehensive method and measurement-based modeling approach is proposed to calculate and check the parameters of the model. Finally, a simulation example is given to illustrate the effectiveness of the proposed composite modeling method considering load frequency characteristics．
Introduction
In the previous load modeling, the load voltage characteristics are mainly considered and the frequency characteristics are ignored. In recent years, with the development of new energy, the proportion of new energy sources such as wind and solar energy in the power grid is getting higher and higher. The randomness of new energy output has more and more obvious impact on power system security and stability. The frequency of the system will fluctuate violently when a small power system with weak connections in trouble or encounter a large impact load, the error caused by ignoring the load frequency characteristic is more obvious. Therefore, in order to improve the accuracy of the load model, the frequency characteristics of the load must be considered in the modeling process [1] [2] .
Currently, the research of load model considering frequency characteristic mainly concentrates on two aspects: the first is to improve the model structure of induction motor; the second is to improve the parameter identification of the load model. In document [4] aims at the problem that the power system simulation precision is affected when the frequency is large disturbance, a synthesis load model and a linear dynamic model considering the characteristics of frequency load are presented. Document [5] based on the synthesis load model, considering the frequency-dependent part of static load and dynamic load, the load is modeled by voltage and frequency as input. Document [6] takes Hainan independent power grid as the research object, considering the load frequency characteristics in load modeling. Document [7] redefines the third-order induction motor model and defines the impedance voltage as the linear function of the magnetic chain. Finally, identify the load model based on ant colony optimization.
The above literatures adopt different methods to set up the load model considering frequency characteristic. The parameters are identified by using measurement-based modeling approach, and good results are obtained. This modeling method can describe the load behavior of fault time well, but it needs enough excitation intensity, obviously it is contradictory to the safety operation requirement of power system, and the lack of sufficient excitation data brings great difficulty to the modeling of this method. Document [13] based on statistical synthesis and fault fitting to determine the load model parameters, using the statistical summation method to restore the actual system. However, in the process of correcting parameters based on the staff's experience, it is difficult to popularize.
In view of the above problems, this paper establishes the load frequency characteristics of the synthesis load model, and the load model parameters are determined by combining statistical synthesis method with measurement-based modeling approach. According to the detailed survey data of the distribution network, the actual network system is reduced and the parameters of the load model are calculated. A reasonable parameter identification range is set on the basis of the calculation results, and several key parameters in the load model are identified by the ant colony optimization, and the rest of the less sensitive parameters are calculated by the statistical synthesis method. Finally, the simulation results are compared to analyze the fitting degree of the simulation results of different load models and the measured curves, and it is proved that the new composite modeling method considering load frequency characteristics is effective in this paper.
Synthesis Load Model Considering Frequency Characteristics
The SLM (synthesis load model) model is the most perfect model for describing the actual load. 
Static Load Model Considering Load Frequency Factor
The static load model is generally expressed in algebraic equations, which includes polynomial model and power function model. In this paper, a polynomial model (equations (1)) is used to describe the static load model, mainly through active frequency factor and reactive frequency factor the frequency characteristic of the static load model. 
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the deviation of the system frequency relative to the rated frequency; DP L , DQ L is the active load frequency factor and the reactive load frequency factor.
Dynamic Load Model Considering Frequency Characteristic
In the mechanism model, the dynamic model of load is represented by induction motor model. It is generally considered that the induction motor model is closely related to the voltage stability characteristics of the system and ignores its frequency characteristics. In fact, the motor rotor equation contains a single derivative of the frequency, and the voltage characteristic of the motor load affects the frequency characteristic of the system by influencing the active component of the load [7] . Therefore, considering the load frequency characteristics of the motor can improve the accuracy of the load model. In this paper, a new third-order practical model proposed by document [12] is adopted, such as formula (2, 3): 
Parameter Determination of Load Model
The traditional modeling system is to use the load site recording device to collect the disturbance data and to identify the load model parameters by comparing the digital simulation results with the measured results. Because there are few large disturbance accidents in the power grid, and the cost of a man-made large disturbance test is very high, this paper uses a new composite modeling method combining statistical comprehensive method and the general measurement the general measurement and identification approach to determine the load model parameters.
Statistical Synthesis Method
Through the investigation and analysis of the load situation of several 220kV substations in East China power grid, This paper chooses a representative 220kV substation detailed investigation results, establishes the comprehensive load model of the distribution network [14] , and calculates the load model parameters using the statistical synthesis method as Tab.1. 
Measurement-Based Modeling
The essence of load Model parameter identification is to optimize the load model parameters. In this paper, using the Ant colony algorithm to identify the parameters. The algorithm has good global optimization performance, positive feedback and good coordination. The parameters to be identified in the composite load model include: induction motor parameters:
P , and six independent parameters of the ZIP model Z P ,
If the above 16 parameters are identified at the same time, the parameter cannot be uniquely identified, and the parameter identification accuracy is not high, so adoption the idea of key load parameter identification [14] , and other parameters are calculated by using the statistical synthesis method.
The key parameters choose the sensitivity of the stator reactance S X , and the load model has a greater impact on the induction motor mp P and load rate L K , frequency factor DP L and DQ L .For the determination of the range of parameter identification, it is mainly used to scale a certain proportion on the basis of typical values. In this paper, based on the model parameters calculated by the statistical synthesis method [14] , the Parameter identification range (Tab.2) of load model is set up by enlarging and reducing the suitable proportion, and the ant colony algorithm is used to optimize the parameters. 
Simulation Example
Using the representative 220kV substation as the simulation example. The detailed investigation data processing, using BPA software to restore the actual system network topology, simulation of the actual system failure situation, generate fault data, its voltage and frequency changes as shown in Fig.3 , the fault curve as a measured curve analysis, the voltage and frequency curve as input, The active and reactive power curves are analyzed as output. 
Parameter Correction of Load Model
According to the measured fault curve, the ant colony optimization algorithm is used to identify the key parameters, and the parameters obtained by the statistical synthesis method are corrected (reference 2.1, 2.2).The corrected parameters are:
The rest of the parameters are still calculated by the statistical synthesis method. As shown in Fig 4 , the total active load of the substation is 199.7MW, and the load of the BUS4 node is 40MW. The load model is introduced into the equivalent system to simulate the same faults as the actual system, and three-phase short-circuit fault is applied on the BUS1 bus outlet when 0.1s is used. The fault lasts 0.1s, and the comparison results of voltage, frequency, active and reactive power and measured values under different load models on BUS1 bus are measured, as shown in Fig. 5, 6, 7 , and 8. The existing model uses 40% constant impedance +60% constant power model structure [7] , L DP =1.8, L DQ = -2, and Tab.3 as error analysis results. It can be seen that the SLM model obtained by the new composite modeling method has the highest degree of fitting, and according to the consistency principle of the simulation results and the measured curves proposed by the literature [12] , it can be seen that the SLM model established in this paper can describe the actual system better than the existing model, and proves the effectiveness of the proposed new composite modeling method. In order to verify the accuracy of the load model parameters obtained by the new composite modeling method presented in this paper, when the load of the BUS4 node is disconnected at 0.1s, the system generates a load-shedding failure, and the system's active and frequency changes as shown in Fig. 9 and Fig. 10 , it can be seen that the new composite modeling method accords the highest degree with the measured results. The accuracy of the new composite modeling method presented in this paper is validated. 
Conclusion
In this paper, a new composite modeling method based on statistical synthesis method and general measurement method is proposed, and a comprehensive load model considering frequency characteristics is established. The validity of the new composite modeling method presented in this paper is proved by the actual system as a simulation example. The statistical synthesis method makes the range of the parameter identification closer to the actual system, and compensates for the disadvantage of using the typical value. The parameters of load model are modified by measurement-based modeling approach, which avoids the difficulties caused by staff experience and improves the work efficiency compared with the fault fitting.
